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Introduction 

The f i r s t  MAPS (Measurement of Air Pollution from S a t e l l i t e s )  experiment 

was conducted on OSTA-1 i n  the payload bay of the space shu t t l e  during 

November 1981. The purpose of the experiment was t o  measure the carbon 

monoxide concentration i n  the middle and upper troposphere. The instrument 

took approximately 10 ,000  measurements tha t  were ultimately sa t i s fac tory  for  

data reduction. 

The r e su l t s  of the OSTA-1 experiment had a precision of 20%. The carbon 

monoxide concentration, a s  determined by MAPS, was dependent on both l a t i t ude  

and longitude w i t h  the lowest concentrations i n  the Southern Hemisphere. 

Several regions of high concentration could be identified.  Comparison of one 

such region over northern South America w i t h  model predictions helped t o  

pa r t i a l ly  val idate  the r e su l t s  of the experiment. See Reichle, e t  a l .  ( 1 9 8 6 )  

for more de ta i l s .  

A complete validation of the MAPS experiment is a Crucial factor  t o  

ascertain t h e  significance of the data for both OSTA-1 and OSTA-3, and t o  

a s s i s t  i n  improving the instrument before future  missions i f  necessary. Now 

tha t  the data from OSTA-1 have been analyzed, various projects  have been 

ident i f ied which can indicate carbon monoxide trends, validate t h e  experiment, 

and improve present models. The success of the previous missions has required 

t h e  MAPS research group t o  spend considerable time on data reduction and 

preparing t h e  instrument for future  f l i gh t s .  Therefore, many of the projects  

tha t  a r e  of s c i e n t i f i c  i n t e re s t  have not been attempted. One option is for 

MAPS Science Team researchers and the i r  colleagues t o  pursue these projects  t o  

a s s i s t  the primary research group. 

The primary objective of t h i s  grant was t o  further t h e  development of a 

global transport/chemistry model that  simulates the physico-chemical behavior 

of methane and carbon monoxide i n  the troposphere. The computer simulation 
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model is  des igned  t o  a n a l y z e  t h e  p r o c e s s e s  t h a t  occur  as methane and carbon 

monoxide a re  t r a n s p o r t e d  from t h e i r  r e s p e c t i v e  s o u r c e s  t o  t h e i r  u l t i m a t e  f a t e ,  

e.g., f i n a l  convers ion  t o  C 0 2 ,  t r a n s p o r t  t o  t h e  s t r a t o s p h e r e ,  d e p o s i t i o n  a t  

ground l e v e l ,  etc. 

Model D e s c r i p t i o n  

The model p r e d i c t i o n s  for carbon monoxide and methane require t h r e e  

separate models: mass c o n s i s t e n t  model, which calculates ver t ica l  winds  from 

t h e  h o r i z o n t a l  wind f i e l d  ( K i t a d a ,  e t  a l . ,  1 9 8 3 ) ;  boundary l a y e r  model, which 

calculates t h e  h e i g h t  of  t h e  boundary l a y e r  and eddy d i f f u s i v i t i e s  (Mellor and 

Yamada, 1974 and Yamada and Mellor ,  1975);  and g l o b a l  t r a n s p o r t  model, which 

simulates t h e  c h e m i s t r y  and movement of  CO and C H 4  i n  t h e  atmosphere (Kitada 

and Peters, 1982) .  

The system of programs which model t h e  c h e m i s t r y  and t r a n s p o r t  of carbon 

monoxide and methane i n  t h e  ear th ' s  t r o p o s p h e r e  on a g l o b a l  scale h a s  been 

i n s t a l l e d  on t h e  NASA-Langley c e n t r a l  s c i e n t i f i c  computer network, t h e  IBM 

3090-3003 a t  t h e  U n i v e r s i t y  of Kentucky, and t h e  CYBER 205 a t  GFDL/NOAA a t  

P r i n c e t o n  U n i v e r s i t y .  T h i s  system, t h e  GLOBAL system, c o n s i s t s  of a 

u s e r - f r i e n d l y  set of p r o c e d u r a l  f i l e s  which allow for s i m p l i f i e d  

pre-process ing ,  execut ion ,  and pos t -process ing  f o r  a l l  program elements .  The 

package i n c l u d e s  procedures  for o b t a i n i n g  t h e  NMC m e t e o r o l o g i c a l  data,  

c a l c u l a t i n g  t h e  v e r t i c a l  winds t o  s a t i s f y  mass c o n s e r v a t i o n ,  de te rmining  t h e  

boundary l a y e r ,  and e x e c u t i n g  t h e  t r a n s p o r t / c h e m i c a l  model for carbon 

monoxide. I n  a d d i t i o n ,  p l o t t i n g ,  s a v i n g  t o  t a p e ,  and r e a d i n g  from t a p e  

r o u t i n e s  have been developed. 

F i n a l  m o d i f i c a t i o n s  t o  t h e  sub-programs f o r  p r o c e s s i n g  t h e  i n p u t  data f o r  

t h e  t r a n s p o r t / c h e m i s t r y  model have improved t h e s e  data t o  more a c c u r a t e l y  



ref lect  t rue atmospheric conditions. The  growth and decay of t h e  boundary 

layer corresponds to  t h e  solar  zenith angle. Notwithstanding boundary 

conditions, mass conservation is w i t h i n  t h e  requirements of t h e  

transport/chemistry model: e.g., t h e  cha rac t e r i s t i c  t i m e  fo r  t h e  divergence 

term is greater  than t h e  integrat ion time s t ep  of the  model. 

The  t ransfer  of t h e  transport/chemistry model from t h e  NCAR CRAY system t o  

t h e  NASA-Langley VPS-32 system was completed: however, several  formerly 

unrecognized complications emerged. I n i t i a l  modifications t o  input and 

manipulate ac tua l  meteorological data proved ineffect ive.  These problems were 

traced t o  system idiosyncrasies and erroneous automatic vectorization. T h e  

source data f o r  carbon monoxide and methane were or ig ina l ly  stored on magnetic 

tape a t  NCAR. Wi th  m u l t i p l e  system changes, t h e s e  data were l o s t  and it 

became necessary t o  re-enter t h e  data from or ig ina l  l i s t i ngs .  

Several minor, b u t  s ign i f icant ,  e r ro r s  i n  the computer algorithm were 

i d e n t i f i e d  and corrected during t h e  course of i n s t a l l i ng  t h e  

transport/chemistry model onto the VPS-32 computer. The most perplexing of 

these e r r o r s  was an incorrect ly  modified matrix solver. T h i s  subroutine 

cor rec t ly  solved the matrix for  a uniform wind f i e l d  a s  had been used i n  

previous operational r u n s ;  however, when t h e  ac tua l  meteorological data were 

input,  t h e  subroutine could not correct ly  solve the  matrix. Replacing t h i s  

subroutine w i t h  a l i b ra ry  routine proved t o  be an easy solut ion fo r  t h i s  

problem. 

With these problems eliminated, progress toward complete in s t a l l a t ion  led 

t o  two f u r t h e r  d i f f i c u l t i e s :  (1) t h e  degree tha t  mass conservation is 

maintained during temporal interpolat ions may not be w i t h i n  the  l i m i t s  of the 

model requirements: and ( 2 )  t h e  boundary conditions a t  longitude 180 West 

appeared not t o  correct ly  account for t h e  correct  mass flow. 
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Various t e s t  cases were completed where the chemistry and transport  were 

separately and jo in t ly  suspended. These cases provided a basis for 

determining the cause of the errors.  Further s tudies  of the 

transport/chemistry model were accomplished a t  the University of Kentucky and 

a t  GFDL/NOAA. 

Model Structure 

The attached flowcharts indicate the sequence of procedures which a r e  

executed fo r  each twelve-hour period of meteorological data. The system is 

controlled by t h e  main procedure named GLOBAL. The user is prompted for  the 

program step which is t o  be executed. Automatic execution of the e n t i r e  

system could be attempted; however, a system malfunction could cause 

undetectable or cost ly  errors.  GLOBAL attaches and executes the appropriate 

procedure for the user-selected program. 

The meteorological data m u s t  be processed by four FORTRAN programs: 

METRLGY for  re t r ieving a subset (5 x 5' gr id)  of t h e  packed metrological 

data; WINDFLD for calculating the ver t ica l  wind f i e l d  ensuring mass 

conservation: BOUNDRY for  determining the v e r t i c a l  eddy d i f f u s i v i t i e s  and 

interpolat ing the meteorological data over a twelve-hour period; and TRANSPT 

fo r  simulating the transport  and chemistry model for  carbon monoxide and 

methane. I n  addition, a f i f t h  program, I N I T I A L ,  i n i t i a l i z e s  the source and 

t e r r a in  data for  the system. 

0 

A s  indicated i n  the flowcharts, each sub-system requires multiple job 

f i l e s  t o  process the i n p u t  and output f i l e s  and queue the programs for  

execution on the appropriate computer. These job f i l e s  have the following 

suff ixes  and function. The -PRC procedural f i l e  prompts the user for  the date 

and hour for  which the program w i l l  be executed and crea tes  a -DAT f i l e  for 

input into t h e  program. For the VPS-32 system, the -JOB job f i l e  routes t h e  



corresponding  job f i l e  t o  t h a t  computer e x c e p t  f o r  t h e  METRLGY sub-system 

where t h e  -JOB job f i l e  a c t u a l l y  queues and c o n t r o l s  t h i s  program. The -VPS 

job f i l e  queues  and c o n t r o l s  t h e  e x e c u t i o n  of t h e  f o u r  VPS-32 programs. And 

f i n a l l y ,  t h e  -SUB j o b  f i l e  queues t h e  o u t p u t  f i l e s  f o r  p r i n t i n g .  

For each twelve-hour p e r i o d ,  s i x  o u t p u t  f i l e s  are g e n e r a t e d  by t h e  GLOBAL 

system: MDATA, which c o n t a i n s  t h e  NMC m e t e o r o l o g i c a l  data from t h e  METRLGY 

program; WDATA, which c o n t a i n s  t h e  resul ts  of  t h e  W I N D F L D  program; BDATA, 

which c o n t a i n s  t h e  r e s u l t s  of t h e  BOUNDRY program; RDATA, which c o n t a i n s  t h e  

eddy d i f f u s i v i t i e s  f o r  t h e  n e x t  time s t e p  of  t h e  BOUNDRY program; CDATA, which 

c o n t a i n s  t h e  carbon monoxide and methane f o r  t h e  next  time s tep of t h e  TRANSPT 

program; and TDATA, which  c o n t a i n s  t h e  f i n a l  resul ts  of  t h e  TRANSPT program. 

The model h a s  been run f o r  one t i m e  s t e p  a t  GFDL/NOAA, P r i n c e t o n  

U n i v e r s i t y  on a CYBER 205. The programs were loaded on a f ront -end  CYBER 170 

as d a t a  f i les .  Using a p p r o p r i a t e  job p r o c s  a v a i l a b l e  a t  GFDL, l i b ra r i e s  

c o n t a i n i n g  t h e  s o u r c e  decks o f  t h e  v a r i o u s  programs were c r e a t e d .  

The o r i g i n a l  programs had s p e c i a l  machine-specif ic  cal ls  t o  perform I /O.  

I n  order t o  make t h e  GLOBAL package p o r t a b l e  t o  o t h e r  machines,  t h e s e  1/0 

c a l l s  were r e p l a c e d  by s t a n d a r d  FORTRAN 77 read and write s t a t e m e n t s .  A l l  

reads now o c c u r  from u n i t s  11 t o  20, w h i l e  o u t p u t  f i l e s  are  written t o  u n i t s  

21 t o  30. D i a g n o s t i c  p r i n t  f i l e s  a r e  w r i t t e n  t o  u n i t  51. 

The programs were compiled u s i n g  a FORTRAN 77 compiler.  Rundecks were 

created t o  run t h e  programs as  b a t c h  jobs. C e r t a i n  compiler  and run-time 

errors were d i s c o v e r e d  which were c o r r e c t e d .  The f o l l o w i n g  changes were made 

t o  t h e  program WIND: a )  UO, VO, TO, Z O ,  and RO were read i n  b e f o r e  t h e  

c a l c u l a t i o n  of dz  /dx and d z o  /dy; b )  UC and VC a t  P = N Z  were d e f i n e d  

similar t o  t h e  d e f i n i t i o n  a t  P = 0 ;  and c )  t h e  bottom l e v e l  was changed from p 

= 0.0167 t o  P = 0.0. I n  a d d i t i o n ,  t h e  f o l l o w i n g  changes were made t o  t h e  

program BOUN: a )  TEM2(L21Ml) was changed t o  TEM2(LNXILNY,L21M1); b )  2 r i g h t  
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p a r a n t h e s e s  were a d j u s t e d  i n  t h e  QL c a l c u l a t i o n ;  and c )  statements numbered 

9090 and 9100 were moved i n s i d e  t h e  I F  block. 

A coding e r r o r  was d i s c o v e r e d  i n  t h e  s u b r o u t i n e  SOLPHI. T h i s  s u b r o u t i n e  

s o l v e s  t h e  a l m o s t - t r i a d i a g o n a l  system of equations o b t a i n e d  from t h e  + - 
d i r e c t i o n  govern ing  d i f f e r e n t i a l  equation. The s u b r o u t i n e  was c o r r e c t e d  and 

t e s t e d  by s o l v i n g  a problem i n v o l v i n g  t h e  pure r o t a t i o n  of a wedge-shaped 

i n i t i a l  d i s t r i b u t i o n .  

The program TRAN was r u n  f o r  a s i n g l e  t ime-s tep  t o  ensure t h a t  t h e  program 

f low was c o r r e c t .  The CPU time f o r  t h i s  run  was approximate ly  80 seconds on 

t h e  CYBER 205. An a n a l y s i s  program, ANAL, was w r i t t e n  t o  r e a d  t h e  o u t p u t  

f i l e s  g e n e r a t e d  by TRAN. T h i s  was run  s u c c e s s f u l l y  t o  p r i n t  d i a g n o s t i c  

i n f o r m a t i o n  i n  a t a b u l a r  form. 

I n  Appendix A, i n s t r u c t i o n s  t o  r u n  t h e  GLOBAL package a r e  p r e s e n t e d .  The 

f i n a l  program f i l e s  have a l s o  been downloaded o n t o  IBM-PC d i s k e t t e s  f o r  e a s y  

t r a n s f e r  t o  o t h e r  systems.  
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Appendix A 

I n s t r u c t i o n s  for Running  t h e  GLOBAL P a c k a g e  

NOTE: I n  a l l  cases, open and close statements s h o u l d  be in se r t ed  i n  t h e  

programs t o  associate u n i t  numbers w i t h  corresponding d a t a  f i les.  

1. Run program INIT. T h i s  program p u t s  source, t e r r a in ,  i n i t i a l  

concentration, and i n i t i a l  eddy d i f f u s i v i t y  da ta  i n  a format readable by 

TRAN. T h e r e  are  two i n p u t  f i les:  1SOURCE.GBL and 1TERAIN.GBL. T h e s e  

s h o u l d  be associated w i t h  u n i t s  11 and 1 2 ,  r e s p e c t i v e l y .  O u t p u t  f i l e s  a re  

IPDATA ( u n i t  511, TERRAIN ( U n i t  211 ,  SOURCES ( U n i t  221 ,  KDATA ( U n i t  231,  

and CDATA ( u n i t  2 4 ) .  

2. Run program METR. T h i s  program reads t h e  NMC data tape ( u n i t  1 1 )  and 

ex t rac ts  u ,  v ,  p, T, and geopotential  h e i g h t  da ta  corresponding t o  a 

par t icular  time. The  time is s p e c i f i e d  i n  i n p u t  f i l e  METDAT ( u n i t  1 2  - 
user s u p p l i e d ) ,  w h i c h  is a NAMELIST i n p u t  f i l e  c o n t a i n i n g  t h e  year, m o n t h ,  

day, and h o u r  of t h e  s t a r t  of t h e  1 2  h o u r  s imulat ion.  METRLGY s h o u l d  be 

r u n  twice by c h a n g i n g  METDAT t o  extract  data a t  t h e  s t a r t  and end of t h e  

1 2  h o u r  period of in te res t .  The corresponding output  f i l e s  are  MDATAl and 

MDATA2 ( u n i t  2 1 )  and MPDATAl and MPDATA2 ( u n i t  51). 

3. Run program W I N D .  T h i s  program interpolates  meteorological data t o  9 

pre-specified levels. T h i s  program s h o u l d  a l so  be r u n  twice u s i n g  MDATAl 

a n d  MDATA2 ( u n i t  1 1 )  a s  i n p u t  f i l e s  t o  generate o u t p u t  f i l e s  WDATAl and 

W D A T A ~  ( u n i t  211,  respectively.  O t h e r  i n p u t  f i l e s  a re  WINDAT ( u n i t  1 2  - 
user suppl ied  NAMELIST i n p u t  f i l e  con ta in ing  time of s t a r t  of s i m u l a t i o n )  



4. 

5. 

6. 

and TERRAIN ( u n i t  13) .  P r i n t  f i l e s  MPDATAl and MPDATAZ ( u n i t  51) a re  a l so  

generated as  output .  

Run program BOUN. T h i s  program generates meteorological da ta  a t  30 m i n u t e  

i n t e r v a l s .  I n p u t  f i l e s  a r e  BOUNDAT ( u n i t  11 - user specified da ta  f i l e ) ,  

WDATAl ( u n i t  1 2 1 ,  WDATA2 ( u n i t  131, a n d  TERRAIN ( u n i t  1 4 ) .  O u t p u t  f i l e s  

are  BDATA ( u n i t  211,  and BPDATA ( U n i t  5 1 ) .  

Run program TRAN. T h i s  is t h e  transport/c--emistry code. I n p u t  i l es  are  

TRANDAT ( u n i t  11 - user specified data f i l e ) ,  CDATA ( u n i t  1 2  - from I N I T  

on f i r s t  r u n  a n d  t h e n  from TRAN on s u b s e q u e n t  r u n s ) ,  SOURCES ( u n i t  131, 

WDATAl ( u n i t  1 4 ) ,  and BDATA ( u n i t  1 5 ) .  O u t p u t  f i l es  a re  CDATA ( u n i t  211 ,  

a n d  CPDATA ( u n i t  51) .  

Run program ANAL. T h i s  program reads CDATA f i les  a t  s t a r t  and end of 1 2  

h o u r  i n t e g r a t i o n  p e r i o d  ( u n i t s  11 and 1 2 ,  respect ively) ,  and WDATAl ( u n i t  

1 3 )  and generates ADATA ( u n i t  5 1 ) .  
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